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INTRAOCULAR LENS WITH
ACCOMMODATIVE PROPERTIES

BACKGROUND—FIELD OF INVENTION

This invention relates to intraocular lenses for implanta-
tion in the human eye, in particular intraocular lenses having
in vivo accommodative properties to assist or replace part of
the focusing capabilities of the eye.

BACKGROUND—DESCRIPTION OF PRIOR
ART

The insertion of an intraocular lens in the human eye to
correct a refractive error is a well-known surgical procedure.
In this procedure, the natural lens may or may not be
removed. Several types of intraocular lenses are currently
available for this purpose. It is possible to change the optical
properties of some of these lenses in vivo, as exemplified in
U.S. Pat. No. 5,728,155 awarded to Anello et al. and U.S.
Pat. No. 5,725,575 awarded to O’Donnell. These lenses
allow a one-time adjustment or finetuning of focusing prop-
erties after implantation. Continuous adjustment of focusing
range in vivo is not possible. Of particular interest are lenses
placed in the anterior chamber of the eye for the correction
of high myopia, and the lenses that have multiple optical
zones to allow focusing at various distances from the eye.
Examples are U.S. Pat. No. 4,759,762 awarded to Grendahl,
and U.S. Pat. No. 5,877,839 awarded to Portney. The latter
group is primarily intended to correct a condition called
presbyopia. In presbyopia, the natural capability of the
human lens to change its shape and therefore refractive
power, is gradually lost with age. All of the cited prior art
artificial lenses however cannot change shape to adjust
refractive power on a continuous basis and some may suffer
from multiple image formation or blur because of the
different active optical areas of the lens that are needed to
focus at different distances.

Another lens of interest is documented in U.S. Pat. No.
5,697,973, awarded to Peyman et al. This multipurpose lens
can be held in place by the margins of the pupil. However
this lens is conceived to avoid changes in its shape.

In ocular physiology, it is well-known that during the
accommodative process, a certain amount of iris constriction
occurs at the same time of contraction of the ciliary body and
medial extraocular rectus muscles. This accomodative
mechanism is of a reflex nature, and is self-adjusting within
certain limits. Its purpose is to increase the convex posterior
curvature of the natural lens by gradually loosening the
suspension fibers of the lens. The suspension fibers of the
lens relax when certain muscular fibers of the ciliary body
contract. This accommodative process fails when the natural
lens stiffens with age or is replaced with an artificial lens.

To minic more accurately this physiologic process, lenses
have been constructed that respond to anatomical variations
of the ciliary body. Several means have been employed.
Examples are U.S. Pat. No. 5,843,188 to McDonald et al.,
U.S. Pat. No. 4,892,543 to Turley, U.S. Pat. No. 5,489,302
to Skottun, and U.S. Pat. No. 4,932,966 to Christic et al.
However, these lenses seem to have very little or no acco-
modative effect. This is probably due to the simultaneous
contraction of the iris which pushes the lens posteriorly,
thereby neutralizing the forward movements of the lens
caused by a contraction of the ciliary muscle. None of the
aforementioned lenses can accommodate or change shape,
based on a change in diameter of the pupil during the process
of accommodative focusing of the eye.

Summary, Object and Advantages of the Invention

The primary purpose of the new lens design and method
of implantation is therefore to make use of all the natural
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mechanisms involved in the accommodative reflex: the
change in pupil diameter of the eye and the changes in state
of contraction of the ciliary muscle, in order to assist in
focusing of nearby objects.

In summary, the new intraocular lens consists of two
parts. The posterior part or haptic part is to be inserted
behind the iris and in front of the natural lens or artificial
implant. The overall length and structure of this part is
variable and should fit as close as possible into the ciliary
sulcus for two reasons. First, to be able to respond to
changes in the state of contraction of the ciliary body and
second, to prevent excessive lateral movement and luxation
of the lens. An anterior or optical part, made of flexible
material, is placed before the iris. Its diameter is variable but
should be large enough to cover the pupillary margins to
some degree under various conditions of natural dilation.
This is important for optical reasons as well as mechanical
reasons, to avoid luxation of the optical part behind the iris.
The anterior and posterior part of the lens are separated by
a compressible circular groove in which the iris will settle.
The diameter of this groove is important and must be slightly
larger than the pupillary diameter measured under normal
photopic daylight conditions and for distance vision. Since
the pupil becomes smaller in near vision, the iris will exert
a slight pressure at the level of the groove of the lens which
will cause a progressive and evenly distributed flexing of the
anterior part of the intraocular lens, as the diameter of the
compressible circular groove slightly decreases. This flexing
will induce an increase in refractive power which basically
corresponds to a variable part of the amount necessary for
focusing nearby objects.

The use of the change in pupil diameter versus other
methods, mentioned in the prior art, is advantageous for
several reasons. First, it is easy to observe dynarnically,
before the intervention, the change of the pupil diameter
under various conditions of background illumination and
distances of focusing. Second, during the operation, the
intervention is under maximal visual control of the surgeon
since no critical steps of the intervention have to take place
behind the iris. Lastly, the post-operative status and func-
tioning of the implant is easily observed using the biomi-
croscope.

Furthermore, this new lens design will avoid the disad-
vantages of the anterior chamber angle fixation phakic
lenses. Because no parts of the new lens will touch the
anterior chamber angle, secondary glaucoma and pain will
not occur. Because this new lens is located at a safe distance
from the corneal endothelium and has no chance to luxate
anteriorly because of its attachment to the posterior part of
the lens, there is no risk for endothelial touch and subsequent
endothelial cell loss. Because this new lens respects the
shape and the centration or decentration of the pupillary
border, no pupillary deformation will occur.

Also, this new lens design will avoid the disadvantages of
the iris fixated anterior chamber phakic lenses. Because this
new lens design has no fixed iris fixation but a groove which
accommodates the iris in a flexible way, no iris perforation
nor pupillary deformation can occur. Because this new lens
is covering completely the pupillary margins, no complaints
of halos due to decentration are to be expected. Because of
its large distance from the corneal endothelium, no corneal
touch is possible.

At last, this new lens design will avoid the disadvantages
of posterior chamber phakic lenses that solely rely on
stabilization by the ciliary body. Because the lens has
primarily an iris suspension and streamlined design, lenticu-
lar touch and irritation of the ciliary body will be minimized.



